Zinc doped Tin oxide (SnO 2 ) nanoparticles were prepared by co-precipitation method. The average crystallite size of pure and Zn-doped SnO 2 nanoparticles was calculated from the X-ray diffraction (XRD) pattern. The FT-IR spectrum indicated the strong presence of SnO 2 nanoparticles. The morphology and the particle size were studied using the scanning electron microscope (SEM) and transmission electron microscope (TEM). The particle size of the Zn-doped SnO 2 nanoparticles was also analyzed, using the Dynamic Light Scattering (DLS) experiment. The optical properties were studied by the UV-Visible absorption spectrum. The dielectric properties of Zn-doped SnO 2 nanoparticles were studied at different frequencies and temperatures. The ac conductivity of Zn-doped SnO 2 nanoparticles was also studied.
INTRODUCTION
Tin oxide (SnO 2 ), a significant n-type broad direct band gap semiconductor has been the subject of much interest and discussion for researchers because of its numerous and wide ranging applications, such as in flat panel displays, catalysis, heat mirrors, transparent electrodes preparation, gas sensing, etc. [1] [2] [3] [4] . Further, recently, this material has created a growing interest as a nanostructured material due to its interesting electrical and optical properties arising out of large surface-to-volume ratio, quantum confinement effect, etc. [5] [6] [7] . Owing to high surface-to-volume ratio, the surface atoms play a big role in the properties of nanomaterials, which usually have less adjacent coordinated atoms and can be treated as defects as compared with the bulk atoms. These defects bring on additional electronic states in the band gap, which can mix with the intrinsic states to a substantial extent and which may influence the spacing of the energy levels and the optical properties of nanopowders. A variety of methods were used to prepare SnO 2 nanostructures, such as hydrothermal method, polymeric and organometallic precursor synthesis, soncation procedure, microwave synthesis and surfactant-mediated method [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . Zinc is a quite active element. It dissolves in both acids and alkalis. In moist air, however, it reacts to form zinc carbonate. The zinc carbonate forms a thin white crust on the surface which prevents further reaction. Zinc burns in air with a bluish flame. The second largest use of zinc is in making alloys. The mixtures might have properties different from those of the individual metals. In this paper, the preparation of Zn-doped SnO 2 nanoparticles and their structural, surface morphology, optical, dielectric and ac conductivity studies were investigated.
EXPERIMENTAL PROCEDURE
Co-precipitation method is atomic scale mixing and hence the calcining temperature is required for the formation of final product to lower particle size. Homogeneous mixing of reactant precipitates reduces the reaction temperature. All chemical reagents were commercial with AR purity, and used directly without further purification. Zinc doped SnO 2 nanoparticles were prepared by co-precipitation method. The requisite amount of the starting raw materials tin (II) chloride dehydrate and zinc acetate dehydrate were weighed on the percentage of dopant (4 mol %) and dissolved into deionized water. The precipitation was achieved by slowly adding aqueous ammonium solution (8M) with the constant stirring until the pH value reached 10. The final product was washed several times with deionized water to remove any possible by-products. The filtrate was initially dried at 80°C for 12 hrs and calcined around the temperature of 600°C for 3 hrs in air atmosphere. The prepared powders were carefully subjected to the following characterization studies. The crystalline size and the structure of the Zn-doped SnO 2 nanoparticles was analyzed by X-ray diffraction (XRD) using a powder X-ray diffractometer (Schimadzu model: XRD 6000 with CuK α radiation and with a diffraction angle between 20 0 and 80º. The FTIR spectrum of the Zn-doped SnO 2 nanoparticles was obtained using an FTIR model Bruker IFS 66W Spectrometer. The surface morphology of the Zn-doped SnO 2 nanoparticles was observed by a scanning electron microscope (SEM) using JEOL; JSM-67001.Transmission electron microscope (TEM) image was taken using an H-800 TEM (Hitachi, Japan) with an accelerating voltage of 100kV. UV-Visible absorption spectrum for the pure and Zn-doped SnO 2 nanoparticles was recorded using a Varian Cary 5E spectrophotometer in the range of 300-900 nm. The dielectric constant, the dielectric loss and the ac conductivity of the pellets of Zn-doped SnO 2 nanoparticles in disk form were studied at different temperatures using an HIOKI 3532-50 LCR HITESTER in the frequency range of 50 Hz to 5 MHz.
RESULTS AND DISCUSSION

Structural Analysis
X-ray powder diffraction (XRD) is a powerful technique used to uniquely identify the crystalline phases present in materials and to measure the structural properties of those phases. X-ray powder diffraction patterns of pure and Zn-doped SnO 2 nanoparticles are shown in Fig.1 . All the diffraction peaks are well assigned to the tetragonal system of SnO 2 . It is noteworthy that no diffraction peaks correspond to Zn oxides and it indicates that increase in the dopant concentration of Zn, causes the peak shift towards the higher angle. The observation of peak broadening indicates the occurrence of smaller crystalline size of SnO 2 nanoparticles. As the Zn content increases, the intensity of XRD peaks decreases and it shows the degradation of crystallinity. This means that Zn doping in SnO 2 produces crystal defects around the dopants and the charge imbalance arising from this defect changes the stoichiometry of the materials. The average nano-crystallite size (D) was calculated using the Scherrer formula (1),
where λ is the X-ray wavelength, θ is the Bragg diffraction angle, and β is the FWHM of the XRD peak appearing at the diffraction angle θ. The average crystallite sizes of pure and Zn-doped SnO 2 nanoparticles were found to be 11 and 14 nm respectively. The crystalline sizes were estimated from the Scherrer's relation. It indicates that increase in the dopant concentration of Zn, increases the average crystalline size.
FTIR Analysis
Infrared (IR) refers broadly to that part of the electromagnetic spectrum between the visible and microwave regions. FTIR is conceivably the most powerful tool for identifying the functional groups or the types of chemical bonds. FTIR spectrums of pure and Zn-doped SnO 2 nanoparticles are shown in Fig.2 . It is clearly observed that the peak forms at around 671 cm -1 for pure SnO 2 . The peak at 671 cm -1 can be attributed to the stretching vibration of the O-Sn-O bond formed by oxolation reactions. A weak bond at 1628 cm -1 is recognized as the deformation mode of OH groups. It has also been endorsed that the increase in Zn content causes the small shift in wave number to lower region.
SEM analysis
Scanning electron microscopy (SEM) is one of the most widely used techniques used in the characterization of nanomaterials and nanostructures. The signals that derive from electron-sample interactions reveal information about the sample including surface morphology of the sample. Fig.3 shows the SEM micrograph of Zn-doped SnO 2 nanoparticles. As shown in Fig.3 , the as-synthesized Zn-doped SnO 2 nanoparticles consist of fine tiny spherical nanoparticles. The Zn-doped SnO 2 nanoparticles appear to be slightly agglomerated spherical ones in the crystallite size range of 10 ~12 nm. There are small agglomerated particles and this might be due to the lower calcination temperature.
TEM Analysis
The transmission electron microscope uses a high energy electron beam transmitted through a very thin sample to image and analyze the microstructure of materials with Fig.4 . TEM micrographs also demonstrate that the formed nanoparticles are homogeneous, with no significant phase separations or coatings on the surface. The particle size-distributions for Zn-doped SnO 2 nanoparticles were estimated from TEM images. It is clear from the figures that the grains are segregated together to form large sized agglomerates. It can be seen that the particles are non-uniform in shape and have a particle size distribution in the range of 16-18 nm. Dynamic Light Scattering (DLS) is a very important tool for characterizing the size of nanoparticles in a solution. The DLS of the Zn-doped SnO 2 nanoparticles is shown in Fig.5 . The dynamic light scattering experiment showed that the particle size of Zn-doped SnO 2 nanoparticles was in the range of 10 to 20 nm.
Optical Studies
UV-visible spectroscopy is used when involving the absorption of these high energy lights by atoms or molecules, which cause electronic excitation. The optical properties of pure and Zn-doped SnO 2 nanoparticles were characterized by UV-visible absorption spectroscopy. The absorption spectrum of the pure and Zn-doped SnO 2 nanoparticles is shown in Fig.6 . It is clearly observed that the absorption edge shifts towards the higher wavelength side (red shift) with the increase in dopant concentration, which agrees well with the reported results 19 . Although a quantum confinement could be expected due to the decrease of the particle size upon doping, a small decrease of the absorption edge is observed corresponding to a red-shift, similar to the one observed in Co doped SnO 2 and Co-doped ZnO 20, 21 . Generally, the wavelength of the maximum excitation absorption decreases as the particle size decreases, as a result of the quantum confinement of the photo generated electron-hole pairs.
The optical absorption coefficient (α) was calculated from transmittance using the following relation
where T is the transmittance and d is the thickness. The study has an absorption coefficient (α) obeying the following relation for high photon energies (hν)
where α, E g and A are the absorption coefficient, band gap and constant respectively. A plot of variation of (αhν) 2 versus hν is shown in Fig. 7 . The band gap of prepared samples was calculated by extrapolating the rising part of the absorption peak. The estimated band gap values for pure and Zn-doped SnO 2 nanoparticles were found to be 3.6 and 3.5 eV respectively. It could be observed that the bandgap value slightly decreased with increase in the dopant concentration of Zn. 
Dielectric Properties
The dielectric constant and the dielectric loss of the Zn-doped SnO 2 nanoparticles were studied at different temperatures in the frequency region 50 Hz-5 MHz. The dielectric constant was measured as a function of the frequency at different temperatures as shown in Fig.8 , while the corresponding dielectric losses are depicted in Fig.9 . The dielectric constant was evaluated using the relation, 
where d is the thickness of the sample and A is the area of sample. Fig.8 . shows the plot of the dielectric constant (ε r ) versus log f. It can be seen that the dielectric constant decreases with the increase in frequency and becomes almost constant at high frequencies. The polarization decreases with the increase in frequency and then reaches a constant value due to the fact that beyond a certain frequency of external field the hopping between different metal ions cannot follow the alternating field. Due to the application of an electric field, the space charges are moved and dipole moments are created and are called space-charge polarization. In addition to this, these dipole moments are rotated by the field applied resulting in rotation polarization which is also contributing to the high values 22 . Whenever there is an increase in the temperature, more dipoles are created and the value increases 23 . Fig.9 shows the variation of dielectric loss versus log f for various temperatures. It can be observed that the dielectric loss decreases with the increase in the frequency for all temperatures, which may be due to the space charge polarization 24 . It can also be seen that the dielectric loss decreases with increase in the frequency and becomes low at high frequency region, which shows the capability of these materials to be used in high frequency device applications 25 .
AC conductivity
The ac conductivity plot of the pelletized form of Zn-doped SnO 2 nanoparticles is shown in Fig.10 . It can be observed that the ac conductivity gradually increases with increase in the frequency of the applied ac field because the increase in the frequency enhances the electron hopping frequency. It could be observed from the results that the ac conductivity increased with increase in temperature, which showed the semiconducting nature of the sample. Due to the thermionic emission and the tunneling of charge carriers across the barrier, the conductivity increased with the temperature. Because of the small size of the particles, more charge carriers reached the surface of the particles, easily enabling the electron transfer by thermionic emission or tunneling to enhance the conductivity
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. The ac conductivity of the Zn-doped SnO 2 nanoparticles could be calculated by the following relation: 
where ε 0 is permittivity in free space, ε r is dielectric constant, f is the frequency, and tan d is the loss factor. There was a small increase in the electrical conductivity of the nanomaterial at the low frequency region for an increase in the frequency and was the same for all temperatures. Conversely, at high frequencies, especially in the KHz region, there was an abrupt increase in the conductivity and it was enormous at high temperatures which could be attributed to small polaron hopping 27 .
CONCLUSIONS
Zn-doped SnO 2 nanoparticles were prepared by co-precipitation method. The formation of Zn-doped SnO 2 nanoparticles was confirmed by X-ray diffraction. The average crystallite sizes of pure and Zn-doped SnO 2 nanoparticles were found to be 11 and 14 nm. The FT-IR spectrum indicated the strong presence of SnO 2 nanoparticles. The SEM revealed the morphology of the synthesized samples and it showed that Zn-doped SnO 2 nanoparticles were spherical in shape. The transmission electron microscopic analysis confirmed the prepared Zn-doped SnO 2 nanoparticles with the particle size of around 18 nm. The particle size of the Zn-doped SnO 2 nanoparticles lying in the range of 10 to 20 nm was determined using the dynamic light scattering experiment which agreed well with the results of the TEM analysis. Optical properties of the Zn-doped SnO 2 nanoparticles were investigated by using UV-Visible absorption spectrum. UV-visible absorption studies showed that the decrease of particle size was accompanied by decrease of the band gap value from 3.6 eV for SnO 2 down to 3.5 eV for Zn doping. The variations of the dielectric constant and the dielectric loss were studied. The dielectric studies revealed that both the dielectric constant and the dielectric loss decreased with an increase in the frequency. The ac conductivity of Zn-doped SnO 2 nanoparticles was determined and observed that the particle size is increased with the increase in temperature.
